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Ur.’ Antonio Lucchetti » 

Executive Director 
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SAM JUAM, Puerto Rico 

Dear Ur. Lucchettii ’ ■ ’ 

There is submitted herev/ith a report on the proposed 
RIO BLAlvCO EXTEMSIOM. This project will provide a high utili- 
sation of the heavy run-off of the upper El Yunque area by the 
construction of a dara on the i^icaco river; thereby affording 
seasonal storage not only for the proposed generating plant but 
also for the existing Rio Blanco plant. 

■ '' The reservoir will be located within the limits of the 
Caribbean Notional Forest Reserve, and in addition to its use for 
pov/or generation, a considerable recreational value will be af- 
forded to this area. Since the'U. S.' Federal Forest Service at 
one time contemplated the construction of n reservoir for the pur- 
pose of recreation only in approximately the some site at a cost 
of more than ^500,000, it is possible that some financial assist- 
ance may bo obtained frcaji either the Feacral Government or tho 
Insular Park Service in tho construction of this dual-purpose re- 
servoir.- 

Our six-year plan contemplates starting tho construction 
of this project in the next fiscal year (1946-47), and our budget 
for this period should provide a svim equivalent to 75'i of the 
estimated project cost,- or |il,725,000. 



"Very truly yours. 




Carl A. Bock 
Chief Engineer 
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INTRODUCTION 

The Porto Rico Railway Light and Power Company completed 
conati-uction of the Rio Blanco Hydro-Electric Development in 1930* 

The project is located within the limits of the Caribbean National 
Forest Reserve in the eastern part of the Island on the southeastern 
slope of the Luquillo Moxuitain Range about 60 kilameters southeast 
from San Juan and 15 kilometers northirest of Naguabo. It consists 
of a run-of -river generation plant operating under a head of 1300 
feet and fed by a system of canal watorvfays, which collect a portion 
of the unregulated run-off of 6.7 squeire miles of Tfatershed* (Exhi- 
bit Ho. 4 Appendix **B" shows the general layout of the project in 
schematic form). y; . 

This project, together with other properties of the Porto 
Rico Railway Light and Povrer Company, was acquired by the Puerto Rico 
Water Resources Authority in 1943. Immediately thereafter, studies 
were initiated by the Authority to investigate the econcmic feasibi- 
lity of providing storage for this project in order to Increase the 
plant utilization factor and thereby obtain a higher prime energy 
output. 

I ' 

On the outset it was obvious that such storage must necessa- 
rily be located on tho Hicr.co River, the largest tributary of Rio 
Blanco. Studies and field investigations for a dam site were, there- 
fore, directed along the upper reach of this river » 

•V: ' 
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Office studies, combined with a thorough field investigation 
of the dam site, have led to the conclusion that stream regulation 
provided by seasonal storage is feasible and economically justified. 

The plan proposed herein, and referred to hereinafter as the 

Rio Blanco Extension, consists- of the construction of a storage dam 

(referred to hereinafter as Hicaco Dam) on the Hicaco River about one 

mile upstream from the existing small diversion dam of the Rio Blanco 

« 

vmterwoyi a system of conduit diversions to collect the flow from the 
Rfo Blanco tributaries at a higher elevation than the existing diver- 
sions and discharge them into the proposed reservoirf and a povrer plant 
to be operated under an average net head of 680 feet and dischorging 
its tailwater into the waterv/ay of the existing lower development, 

(See Drawing No, 1 for a general plan of the project.) 

The run-off from 3,6 of the 6,7 square miles of drainage area 
of the existing Rio Blanco Project will be brought under almost com- 
plete regulation, and it will be utilized thrqugh heads of both the new 
and existing power plants. 

The proposed dam would be of concrete gravity typo with a 
crest length of 390 feet, and it would be 90 feet high at the maximum 
section. The diversion waten^ay would consist of 18,350 lineal feet of 
precast-concrete pipe constructed on a grade contour, and 3,100 lineal 
feet of small boro tunnel. The conduit from the dam to the proposed 
power plant would consist of 5,500 lineal feet of concrete pipe xmder 
pressure and 1,600 lineal feet of steel penstock. The proposed powe:.' 
plant would have an installed capacity of 2,300 kilowatts, which under 
a net operating head of 580 feet and with average annual flow of 26,0 cfs 
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will generate approximately 3.000,000 kilowatt-hours of energy 
annually, and it is estimated that the proposed development will 
increase the annual output of, the existing Rio Blanoo project by 
13,197,000 kilowatt hours without additional cost to the plant. 

The total annual energy to be credited to the extension project 
is thus estimated at 22,197,000 kilowatt hours, vdiich more than 
doubles the present generating capacity of Rio Blanco development. 
Approximately 90 percent of this increased production will bo 
prime povtcr. The estimated cost of the project is $2,300,000, and 
the cost per kilovmtt-hour of energy will be about 5 l/2 mills. 

The ratio of the annual benefit to cost is estimated to be 1.4. 

The project will have considerable recreational value, as 
the lake formed by the dam will lie adjacent the existing luquillo 
Park recreation facilities in the National Forest. Application 
for Federal and/or Insular aid should therefore be made for obtain- 
ing assistance in financing the project. 

Further planning studies ore being made toward the possi- 
bility of enlarging the project by diverting to the reservoir ad- 
ditional run-off from headwater areas to the north. A report on 
this study will be presented at a later date. 

This report has been prepared by R. C, Price, assisted 
by Mr. R. Nevares, Jr..; Mossrs. Aguilar and S^livan were respon- 
sible for the compilation of the hydrographic data. 


BASIN DESCRIPTION 


General 

• • * 

The Rfo Blanco Basin, comprising an area of 28 square miles, is 
located in thd southern section of the Luquillo Mountain Range, and 
it includes some of the highest peaks, (maximum elevation 3400 ft. msl) 
to be found along the Insular Divide. The topography of the basin may 
roughly be divided into three principal divisions; coastal plain, mar- 
ginal lands, end mountain terrain. The percentage area of each divi- 

j 

sion ere approximately 30, 10, and -60 per cent respectively. Tho 
headwater 6 area of the basin, or mountainous section, is extremely 
ruggod with definite topographic trends of ridges, pealcs, etc., while 
the marginal lands are rough, fairly steep, but the relief is less 
and the topography is irregular. The coastal plain is flat and at 
the average elevation of 65 feet, msl. 

Geology _ - , 

The geology is, apparently, rather complex. Mr, Howard A. 
Meyerhoff has classified the rock structure as follows; 

In the Headwater and Marginal Areas ; "Upper cretaceous pyro- 
clastic formations, including massive andesitic tuffs and agglomerate, 
and associated conglomerates »' South of this formation may bo found 
a zone, (location of dan site) of granitoid intrusives including dio- 
rites, quartz diorite, granites and other holocrystalline types. 

Further south and extending into tho marginal lands may bo found in- 
trusive porphyries, chiefly andesitic, invading the Upper Cretaceous 
sedimentary and pyroclastic rocks," 

In the Coastal Plain ; "Recent uncons olidhted littoral, alluvial, 
cmd eolinn deposits; consolidated dune sands and littoral sediments of 
Ploinstocene ago," 

Tho soils in the proposed project'orea ore decidedly residual, 
and being derived from a coarse-grained, crystalline rock they show 
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a granular structure. In fact, the soils near the, rock stratun are 
almost pure sand, as shown, by the wash from the drill borings at the 
dam site,” 

River System 

The Hicaco River is the principal tributary forming the Rio 
Blanco, Its source is located well upon the southern slopes of the 
peak El Yunquo and it flows almost due south until a confluence is mode 
with Pofia Pobre River; thence its direction (now ns Rio Blanco) turns, 
southeast and flows into the sen at about the junction point of the 

r'ti 

Atlantic Ocean and .Caribboon Sea« 

Tho stream profile is fairly flat in the extreme headwaters area, 
but the drop from the southern rim of tho mountains to tho coastal 
plain is exceptionally steep, about 1,800 feet in 2.5 miles. (See 
River Profile Drawing Ko. 2). 

Tho river chcomel is flanked with steep slopes throughout the 
mountain area of the watershed, but the soil and subsoil (identified 
by the D. S. Department of Agriculture as Los Guineos clay) in general 
are fairly deep and covered by dense tropical vegetation. 

The river system (Hie aco^B lane o) from' the source to the sea is 
about 12.5 miles long, 

■While flood run-off is rapid in tho mountain oroos the surface 
cover and soil appear to have considerable storage effect even in 
small areas. This natural storage apparently is augmented by the in- 
fluence of small strips of clay soil occurring in all parts of the 
area in more or less flat or horizontal positions, vdiich retain a high 
per cent of moisture and drain slowly. 

The tributaries of the Hicaco River are tho Sabana an Cubuy 
streams to the west and r£o Prieto to the east. Tributaries of tho 


6 - 


Rfo Blanco are the Pefia Pobro frcan the Eouthwest and the Uoisales 
from the north. The main etem and the tributaries are used for the 
development of hydroelectric power, irrigation of the coastal -pledn 
lands, and water supply. 

Hydrology 

The mountain area of the basin is located directly in the path 
of the northeastern moistvure laden trade winds which, when deflected 
upward by the high terrain to the north, drop an abundant rainfall 
over tho region resulting in the highest average annual precipitation 
recorded in the Island. Gaging of the rainfall along the northern 
fringe of the basin shows an average (9-year record) of 186 inches. 

(See Table No, 4, Appendix "B") The average annual precipitation 
in the project area is estimated at 154 inches, which is spread 
more uniformly then any other section of the Island. (Graph No* 2,, 
Appendix ’’B" shows the "Variation of Relative Intensity of Rainfall 
nt Different Sections of the Island"). Clouds and fog are common,, , 
oven in the dry season from December to. April, inclusive* , 

Good stream flow records are lacking. Daily records of flows 
through the Rfo Blanco Hydroelectric Plant are available for the pe- 
riod 1030-1944, inclusive. A detailed study of comparison betTreen 
rainfall end run-off in adjacent similar ban ins has revealed that the 
expected run-off in the mountain area is at lesLst 40 acre-feet per 
square milo per inch of rainfall (See Table No. 1, Appendix "B"). 

An automatic recording gage was installed at the proposed dam 
site on the Hicaco River on July 6, 1945, Accurate and dependable run- 
off records for this drainage area are now being compiled. (See Graph 
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No. Appendix ”B"). 

The yearly temperature range is between about 50 to 85*F in the 
mountain section. The nights are alvmys cool tho year around. Eva- 
poration and txmspiretion losses anoimt to approxin8.tely 39 inches 
yearly in the headwaters oi'ea. 

Floods occur often during the wet season from Tiny to Uovember, 
inclusive, but those of major magnitude have an approximate 8-yeor 
frequency; occurring in association with tropical hurricanes, 

Electric Power Facilitios 

In the basin there ore located one power generating station; the 
Rfo Blanco plant, to r/hich tho proposed project herein described af- 
fords much benefit, Tho plant equipment consists of two H. 1!. Goith 
Heindcnhein (Gorman manufactured) impulse turbines, 3500 xI.P., 720 RPM, 
and equi^jped with 20 buckets each; and two VYestinghouso, 3125 KVA, 

4400 volts generators in direct connection to tho turbines. 

A Federal owned stoam-eloctrio station is located at the Roose- 
velt Naval base near Ceiba, about 10 miles east of the Rfo Blanco plant. 
It is interconnected to the Authority’s system and can deliver (by con- 
tract) up to 8000 E/Y to the Insular transmission system, 

Tho electrical transmission facilities in the basin include the 
38 KV loop', Fajnrdo-Rfo Blanco tying to the R£o Blanco-Rio Piedras 
line. This loop will serve temporarily until the new line-construction 
program is completed, and vdll be used to supply poveer for tho con- 
struction of the Eioaco project. 


8- 


HiSTORICAL DATA 
Prior Studies nnd Reports 

The Porto Rico Rnilv^ny Li^ht and Fmer Cocipony at one tine con- 
templated the construction of a storage reservoir at the ai^proximate 
site selected by the Authority-, In 1928 the company made preliminary 
surveys of the reservoir and devolopod area-capacity curves. 

In 1938 the U, S, Forest Service proposed to create a lake for 
recreational purposes by building a don immediately upstream from the 
site proposed in this report. Extensive sub-surface explorations 
were performed at the don site by neons of hand -auger borings, test 
pits, and core borings. The auger holes were limited in depth by the 
equipment to about 22 feet. Twenty four shot-core borings were mode 
■with penetration into solid rock varying from 12 to 36 feet. 

This project was s'tudied a report prepared by the Utilization 
of the Water Resources Division for the Forest Service. The report 
is dated August 7, 1939, and is titled "Hicaco Dom - Comparative De- 
signs and Costs”, 

Flans of the U. S. Forest Service t As a result of the Afore- 
mentioned study, a concrete gravi'tj' dam was recommended as the best 
suited structure for tho sites. 

It was proposed to build the structure 92 feet high at "the maxi- 
mum section, and 330 feet long at the crest. Tho core walls at either 
end of the dam would extend 100 feet into the abu'tment. The spillway 
would have been an overflow type 99 feet long and comprising the mid- 
dle section of the dam, 

I 



STUDIES BY THE AUTHORITY 


Fisld Investipiations 

In November 1944 the Puerto Rico V^ater Resources Authority began 
a field investigation of the proposed project. This vrork consisted of 
engineering surveys and foundation explorations. The first site to 
be investigated is located about 0.6 kilometers downstream from the 
location finally selected. Studies based on these surveys and fouhd- 
ation explorations including 8 test drill holes, revealed that a dam 
located here could not be economically justified, and in May 1945 the 
site was abandoned. The equipment and survey crews were moved up- 
stream to the area of the site investigated by the U. S. Forest Service 
to explore further the possibility of a storage reservoir. Prelimina- 
ry surveys of the dam site, reservoir, and diversion waterways together 
with drilling of nine botings and sinking one test pit on the dam site 
foundation, were completed betv/oen May 16 to July 15, 1945, (See 
’’Foundation Investigation Reports” contained in the Appendix "A”), 
Determination of the Power Available 

In analyzing the power benefits of the proposed project and tho 
increased output of the existing Rio Blanco Development, it has been 
necessary to use rainfall records as a base for run-off quentities. 

It is recognized that this method of stream flow evaluation is inade- 
quate and may lead to serious error in estimating the energy available. 
For this reason the results obtained were checked by calculating the 
utiliration factor of the existing Rio Bl.'U'iCo plant from a 15-year 
record of the spillings. The waste of water plus that utilized by 
the plant checked the run-off as calculated by rainfall records vory 
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closely. (See Table No, 2 , Appendix '*B”) Therefore, it is believed 
the results shown herein are satisfactory,’ although little is known 
of the streaia flovf pattern at the dam site. 

Usable Flow t Daily records of flow through the Rio Blanco 
plant are available for the period from' 1935 to 1944, inclusive. 

Those records are useful in determining the minimum flows, but are 
of little value in calculating the average annual run-off, ov/^ing to 
the Irxk of storage. 

In order to estimate the average expected flovre from rainfall 
records, it was necessary to correlate the knxywn rainfall and run-off 
records of other similar areas to determine the run-off coefficient 
of the Hicaco watershed. 

The conditioning factors of altitude, temperature, vegetation, 
soils, topography, and size of drainage areas are sufficiently simi- 
lar between these recorded streams and those of the Luquillo Mountain 
Range as to warrant, with reasonable ercuracy, the use of similar 
average run-off factors. 

Table I, (Appendix ”B") shows the r esult of this comparison 
study, indicating that an average annual ruri-off of at least 40 acre- 
feet per square mile per inch of rainfall may be expected from moun- 
tain areas of this nature. On this basis, it is estimated that a 
total average annual run-off of 40 x 154 x 6,705 s 41,300 acre 
foot is available over the watershed of the proposed and existing 
projects j representing on average net jrun-off of 115 inches ond 
leaving (154-115) 39 inches as evaporation and transpiration losses.; 

A. compilation of flows at the plont end the existing diversion 
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dcn Bhow that tho run-off is nore evenly distributed in this area 
thcai nny other yet stvidied* In other words, considerable precipita- 
tion occurs oven in the dry season. This condition is better illus- 
trated by the fact that Rio Blanco is now utilizing about 50^ of the 
total rrm-off, oven with no storoge find only 9 acre -feet of pondage. 
In calculating the usable flow, the following run-off utiliza- 
tion factors were usodi 

'1. At the dam site' with 1,26 square miles of drainage 
area the utilization is estimated at 95 per cent, 

2, The tunnel diverting water from Snbona Creek to the 
reservoir vfould have n capacity about 15 times the 
average annual flow from the 0,90 square miles of 
drainage area. The utilization is, therefore, esti- 
mated at 85 per cent. 

3, The capacity of the conduits for diverting the water 
from the remaining 1.43 square miles would bo about 
three times the average annual flovf, Tho utilization 
is, therefore, estimated at 70 per cent. 

Tho present utilization of the total area (6*71 square 
miles) through the Rfo Blanco plant is about 50 per 
cont. With the 3,60 squetro miles of tho upper section 
of the watershed being diverted to the resefvoir, the 
the utilization factor for tho remaining 3*11 square 
miles has been estimatod at 75 per cent* 

With an average recorded rainfall of 160 inches (less 39 for 

evaporation and transpiration losses), and a run-off factor as shown 

above, the average annual yield for each drainage area of the upper 


systom is as follows i 

1. Don site, 

(1.264 X 640 X 121/12 x 0.95) 7,750 Ac.Pt. 

2. Sabana Creek, 

(0,90 X 640 X 121/12 x 0.85) 4,950 Ac .Ft. 

3. Othor Diversions, 

(1.427 X 640 X 121/12 x 0.70) 6,450 Ac .Ft. 

Total usable yield at upper plant .......... 19,150 Ac .Ft. 
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The yield of the lower syetera on 3»11 equare niles with 148 inches 
of rainfall (less 40 inches for losses) at a run-off factor of 75 
per cent is, 

S.114 X 640 X 108/L2 x 0.75 13,450 Ac.. Ft. 

The total expected annual yield for the lower plant is, therefore, 
32,600 acre-feet. 

Regulation Obtained t The reservoir created by the proposed 
dam with the maximum power pool at elevation 2084 will provide 3200 
acre-feet of usable seasonal storage. This reservoir capacity is as- 
Burned to be used principally for regulating the flow through the Rio 
Blanco plant. Studies made from the mass diagram of flows at the dam 
site reveal that the capocity of the reservoir is adequate for 95 
per cent stream regulation in the average year. Furthermore, .these 
studies indicate that additional storage up to 100 per-cent flow regu- 
lation is not economically justified. 

The stvidy showing the regulation afforded by the Hicaco reser- 

s 

voir is shown graphically in Exhibit No. 2, Appendix "B”. As shown, 
the regulation afforded vd.ll provide a flow at the lower plant, of 
between 40 and 45 efs during most of the time. The plant capacity 
factor will be raised from 50 to 75 per cent owing to this higher 
utilization factor, which is mode possible be seasonal storage. 

It will be seen that the continuous flow in the most critical 
period on record will be 20 efs at the upper plant and 25 ofs at the 
lower plant. This is on increase of about 16 ofs at each plant over 
tho unregulated flow. 

Firm Power - Critical Period i Tho hjt^r ©graphic studies reveal 
that tho most critical period on record (1921 to 1924, Inclusive) 
occurred in 1936, when tho average monthly flow for March was less 
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than 10 second feet. With the addition of the Hicaco project, this 
critical period flovf will be euEmented by the storage provided and 
the resulting critical period dependable power ■will be 840 KW for 
the upper plant, and 2800 KW for the lower plant; representing an 
annual production of 7,35Q,000 KWH and 24,500,000 KV/H of prime power, 
respectively. This is an incretise of 1975 KW of dependable capacity, 
and about 17,300,000 KWH of axmual prime energy to be credited to 
the Rio Elonoo Extension project. 

Energy Froduction i The average head losses due to'dra'wdown in 
the reservoir and to friction in the conuit and penstock is calcu- 
lated at 30 feet, giving on average net head in the upper plant of 
580 feet. Under this head the usable flow of 19,150 acre-feet will 
yield an average annual energy output of 9,000,000 Kf/Hi. The existing 
lower plant, with an average net operating head of 1300 feet, will 
produce 34,757,000 KYffl on a usable flow of 32,600 acre-feet. The 
average annual energy at the two plants combined •will be 43,600,000 KWH. 
The present output of the existing Rio Blanco plant is estimated at 
21,560,000 KWH; making a total nmual energy output creditable tb the 
proposed Hicaco project of 22,197,000 KWH. The proposed usable stor- 
age of 3200 acre-feet represents about 5,000,000 KWH of stored energy* 
Project Layout and Design Considerations 

Under this heading the principal features of the project will 
bo described in some detail, and reasons given for the selection of 
the particular type of structure. The development of final project 
dosigjis in detail is outside the scope of this report, end the preli- 
minary layout designs shown in the appendix ore the result of the pre- 
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liminary plonning, eoid are used 06 a basis for estimatinc the con- 
struction cost. 

TherDcc: In 1938 the writer mode extensive laboratory tests on 

the soils as well as some design studies for the U. S. Forest Service 
for a dtua nt this site. As a result of this v^ork, it became quite 
obvious that a concrete structure should be recommended. An earth 
dam structure was found to have the following disadvantages! 

(a) Unsuitability of the soils for embtinkment 

construction, ,■ '" ‘■•■o /. 

(b) Unsuitability of the earth overburden to support 
on embankment, 

(c) Unsuitable weather for earth embankment 
construction, and 

(d) Expensive spillway construction. 

The studies indicated that a rock fill type would not be suit- 
able because! 

(a) Unsuitability of the soil to support a rock 
embankment, and 

(b) Expensive spillway construction, 

A concrete gravity typo of dam is largely free from these dis- 
advantages and was found to afford a more economical construction. 

The dam, as proposed heroin, would be located about 50 feet down- 
stream from the site selected by the Forest Service, Its final lo- 
cation was determined from a rock contour plan, which was developed 
from results of tho sub-strata explorations. 

The earth overburden, ronging in depth from 10 to 60 feet, is 
residual "in nature and granitoid in texture. It has a high coeffi- 
cient of internal friction and may be expected to stand on steeply 
excavated slopes. Concentric-weathered boulders j some up to 20 foet 
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in dianioter, may be expected to bo uncovered in the excavation. 

The imderlying rock is classified as a quarts-diorito. It is 
hard, massive and vrith little indication of fractures and joint 
planes. In the drilling operations there was practically no loss of 
core after bed rock was reached. There is almost no zone of rotten 
or desintegratod rock between the soil and sound bed-rock, os is 
usually found when similar foundations ore uncovered. It is expected 

I 

that very little grout will be neoessary for the cut-off curtain and 
general foundation consolidation. ' 

Drawing No. 5 shovrs a plan and elevation of the proposed struct- 
ure and Drawings Nos. 3 and 4 show the expected foundation conditions. 
The gravity don will be 390 feet long, including spillway, at tho 
crest end 90 feet high at the maxinun section. The elevations, based 


on neon sea level datim, will be» 

Lowest point of foundation 2000 feet 

Spillway crest 2084 feet 

Non-overflow crest 2094 feet 


The spillway section will be 100 feet long and is designed to pass a 
peak flood of 5500 cfs, which with tho large surcharge storage avail- 
able on the small drainage area, is equivalent to a design flood of 
12,000 second-feet. A heavily reinforced corewall will project from 
either, end of the dan into tho hillside about 40 feet. A well com- 
pacted earth fill will overlap these corewalls and a portion of the 
gravity section of the dam to servo os a cutoff around the ends of 
tho structure. Heavy rock-fill blankets will be placed on the 
earth abutments downstream of the dan to provide stability against 
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sliding of the earth slopes. 

Stream diversion during constmction would be confined to its 
regular channel by a cofferdam during the building of the south sec- 
tion of the dam, and then diverted through the previously prepared 
sluiceway in this section while constructing the north portion. 

The Reservoir t The reservoir will cover on area of 170 acres, 
and extend upstream from the dam a distance of 5300 feet. The total 
volume to the maximum flood pool elevation (2090) will be 4180 acre- 
feet, and proportioned as follows i 

Dead Storage 200 Acre-feet. 

Usable Storage 2200 " * 

Surcharge Storage 780 ” ” 

The elevations of the reservoir to provide this capacity will bei 
Dead storage from Elev, 2020 to Elev, 2036 msl 

Usable storage from Elev, 2036 to Elev, 2064 msl 

Surcharge storage ” Elev, 2084 to Elev, 2090 msl 

Ov/ing to the heavy tropical vegetation covering almost the en- 
tire watershed which will prevent erosion, it is believed that silt- 
ing of the reservoir will bo almost negligible. 

The Diversion T/atenyays i The General Plan and Profile, Drawing 

I 

No, 1, shows the principal features of the proposed diversion system. 
This system will divide the drainage area (6,7 square miles) of the 
existing Rfo Blanco Project into two sections; placing 3,6 square 
miles of the watershed into the upper system, regulating the inmoff 
in the Eicaco reservoir, and leaving 3,1 square miles of drainage area 
as unregulated runoff for the existing Rfo Blanco plant. 


The propoBed diverBion system mil require* the construction of 
eight small diversion dams, 18,350 lineal feet of precast-concrete 
pipe, and 3,000 lineal feet of tunnel. The concrete pipe vdll divert 
the water by gravity flow on a grade contour. The pipe sizes required 
will be 9,350 lineal feet of 24-inoh diameter, 8,200 lineal feet of 
30-inch diameter, end 800 lineal feot of 60-inch diameter# The tun- 
nel will bo a 4-foot X 6-foot section, and it is believed that lining 
will not be necessary, . 

The flow will be carried from the reservoir to the new power plant 
through a waterway consisting of a 48-lnch diameter precast-concrete 
pressure pipe approximately 5,600 feet long, and coimected at tho 
lower end to a 36-inoh welded steel-pipe penstock about 1,600 feet 
long. The conduit intake will be located on the right abutment of 
the dam some 47 feet below the spillway level. 

The Power Plant i The power plant will be located on tho right 
bank of the Hicaoo River with its tailwater discharging into the pool 
of the existing Hicaoo Diversion Dam. Tho installed capacity will 
be 2300 kilowatts, which will generate energy under on average not 
hood of 580 feet. Tho equipment vdll include a horizontal double 
overhung impulse wheel developing 3000 H.P. and directly connected to 
a 2500 KVA capacity generator, 

Tho proposed now plant will bo automatically operated by remote 
supervisory control from the existing Rfo Blanco Plant, The opera- 
tion of the two plants will be integrated, with the upper plant work- 
ing as a flow regulator for tho lower plant. The maximum flow capa- 
city at the upper plant will be 56 sec and -feet. 


Construction Features 


Access I A paved highway, the Rio Blanoo-Maneyos Rood, passes 
along the right abutment of the dam about 20 feet above the crest 
elevation of the proposed dam, . It also extends around the south side 
of the reservoir Just above the proposed maximum pool level. 

The American Railroad affords rail connection up to about 1 Ka. 
from Rio Blonoo plant or about 5 miles by road of the proposed dam. 

The power plant is located about l/4 mile from the above mention- 
ed Insular RoeuI, and an access road about 1.5 miles long will have to be 
provided as a spur to the plant. 

Uiioh. of the Tmterrmy location is inaccessible, and access trails 
will bo required for construction. 

Camp and Plant Site > An excellent location is available along 
the rood and nearby the dnm site for such camp ond plont facilities .> 
os vdll be required. This is the site of an old CCC camp. 

l • 

Construction Equipment ; The site of the proposed dam appears 
to be well suited for the use of hydraulic sluicing equipment (Pumps , 

and hydraulic giants) for the excavation job. However, if this type - 
of equipment is used the sluicing should be done during the wet sea- 
son in order to be assured of a sufficient amount of water. 

Other equipment suitable for concrete placing and rock fill work 
would include derricks or a small cableway. Also, puraporote equip- 
ment could be used economically for placing the concrete. There is 
sufficient flat space for the concrete plant. 

Construction Materials t Sand and gravel deposits ore found at 
the foot of the mountain on the Rfo Blanco, The haul to the dan site 


19 


will be about 4 milee, but \and oubte'iH^ this is the beet eourco of concrete 
aggregates. The largo size aggregates can be produced by quarrying and 
crushing the rock neon to the dam. There aro many outcrops of good 
quality rock in the immediate vicinity, 

Pov^er for Construetlon i It will be necessary to construct about 
2 -I /4 miles of 38 KV povjer line, from the Rio Blanco switchyard to the 
dam site for construction purposes. 

Construction Progrrm i It is estinatod that the construction pe- 
riod will bo le months.- If the sluicing of the foundation excavation 
were stru-tod in October, there would bo two dry seasons available for 
construction work.. 

Recroationnl Feature 

The Hicaco Reservoir will be located in on area that has already 
boen developed as a forest park for recreation with cottages, trails, 
swimming pool, and other facilities. The addition cf the Hicaco lake 
to theso existing recreational features will greatly enhance the use- 
fulness of the area, nnd add rn important item of scenic beauty. 

Bstimato of Cost 

The estimate 01 cost, shaa/in on the following pages, is based on 
the foiuidation cor:ditiox;B r.tia type of structures as showix on Drawings 
IJos,- 3 to 5 irclusive. The cost of transmission lii.os has not been 
included. The unit costs are based ou the approximate EUR iiidex for 
1944 -wrtiich, of course, takes i:ito account the inflation of vxar time 


conditions 


RIO BUIICO EXTENSION PROJECT 


PRELimKARY COST ESTIMATE 


FEATURE 1 

1 

UNIT 1 

i 

1 

QUANTI- » 
TY » 

UNIT 

COST 

AMOUNT 

I ESTIMATED 
; COST 

PRELII5INARY i 

1 

t 




t 

Engineering Surveys t 

1 

L« S ft ] 

i 


15,000 

- 

Foundation Explorations t 

L* S« 1 

1 

— ~ 

10,000 

1$ 25,000 

GENERAL CHARGES t 





1 

Construction Buildings i 

L. S. 



15,000 


Permanent Operators Quarters i 

L. S. 

— 

— — 

3,000 


Access Roads t 

Mile 

1.5 

$20,000 

30,000 

IV 46,000 

LANDS ACQUISITION & CLEJiRIKG » 





* 

1 

Lands Purchased t 

Acre 

160 

60.00 

9,000 


Clearing of Land t 

II 

150 

50.00 

8,000 

17,000 

DAM it APPURTENANCES ; 






t 

Strenn Diversion i 

L. S. 


•mmt 

40,000 


Excavation - Earth i 

Cu.Yd. 

100,000 

0.80 

80,000 


Excavation - Rock i 

« 11 

5,000 

3.00 

15^000 


Backfill - Earth t 

II « 

20,000 

1.00 

20,000 


Rip-rap - Rock t 

n n 

70,000 

2.00 

140,000 


Concrete - HnAs t 

n It 

35,000 

11.00 

385,000 


Concrete - Reinforced t 

11 It 

1,000 

20.00 

20,000 


Intake Structure ) 

L* S« 


.. ... 

35,000 


Grouting it Drainage i 

L. S. 



— 

10,000 

745,000 

DIVERSION VfATERTlAYS i 






t 

Precast Concrete Pipe -24 in 4 

In .Ft, 

10,000 

10.00 

100,000 


It It « SO ” 1 

n n 

8,000 

12.00 

96,000 


n n " 60 " » 

It R 

800 

25.00 

20,000 


Tunnel - 4' x 6’ t 

n It 

3,100 

40,00 

124,000 


Diversion Dorns t 

II n 

8 

10,000' 

80,000 

1$ 420,000 

PRESSURE PIPE & PENSTOCK x 





a 

1 

Precast Concrete Pipe 48 in.i 

In.Ft . 

5,500 

20.00 

110,000 


ifelded Steel Pipe 36 *' t 

Ton • 

120 

400.00' 

• 48,000 

lO 158.000 
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RIO BIANCO EXTENSION FROJECT 


. HiELIIvIINARY .COST ESTimE 
« (Cont'd) 


FEIiTURE 'I 

1 

UNIT, j 

CiUIiNTI- 

i UNIT 

( 

( 

AMOUNT 

• 

• 

t 

ESTIMATED 


: 

TY ■ 

1 COST 

t 


1 

COST 

POVffiR PLANT, & FACILITIES 




1 


t 


Substructure 

. 1 

Kw. 1 

2300 

t 19.60 

1 

s 

45,000 

1 

t 


Superstructure 

II j 

II 

j 13.00 

i 

30,000 

( 


Eydroulio Equipment 


« • 

i • 15.60 

1 

36,000 

> 


Electrical Equipment 

" . 1 

H 

1 . 23.50 

1 

54,000 

t 


Mechanical Equipment 

” , 

II 

1 7.86 

( 

18,000 

I 


Miso. Low Tension Equipment 

,« . 

II 

1 3.90 

« 

9,000 

( 


Switchyard 

II . 

n 

« 13.00 

t 

30,000 

1 


Power House Crone 

Cl. 6 . t 

- - 

t 

1 

5,000 

i 


Autcmiatic Supervisory Equip, 

L* S • 1 

— 

t 

1 

20,000 


247,000 


TOTAL DIRECT COST 01,660, OOP 


First Cost 

Direct cost plus General Overhead, Engineering i- 
and Contingency. 

General Overhead at IS^o - 
Engineering & Superintendence 
Contingency at 10^ - 


Superintendence, 


0 249,000 
at 10^- 166,000 

166,000 


0 


581,000 


Total First Cost ...... 02,241,000 


Investment Cost 


First cost plus interest during construction - 18 months at SjJ Interest 


Item 


Interest During Constr . Total Cost 


1. Preliminary & Lands 

2. Dan & Appurtenances 

3. Watorvrays & Penstock 

4. Power Plant 

5. ‘ Overhead & Contingency 


2,300 

if 92,300 

22,500 

767,500 

12,500 

590,500 

4,000 

261,000 

17,700 

598,700 


TOTAL INVESTMENT COST 


♦ t • f 


0 2,500,000 


2E- 


Eoonomio Analysis 

■ "■ ' ■ ■ - -A - • ‘ • • 

In analyzing the economics of this project the method of evalua- 
tion proposed by li3r, Mit;uel A. Huiiiones on a report dated October 19, 
1944, vd.ll be used. Briefly, the method consists of reducing "the output 
of any hydro project, vdiether run -of -river or with storage, to firm con- 
tinuous output through the addition of sufficient steam standby reserve. 

The economic feasibility of the project is then appraised by oompsiring 

t-i-- S' '•tj.y..'. ■ if;- ' , ■ 

this cost of production with the equivalent cost of production in an al- 
ternate base load steam plant which will produce the some firm output as 

' ■ ■ - rf'-' - 


the project vmder consideration. 

Production, Present System 

From actual production records, shown in table No. 5, appendix ”B”, 
the following data are obtained t 


Average monthly output during 

an average wet season 1,924,000 KWH 

Average monthly o\xtput during 

on average dry season . ' .1 1,618,700 Klf/H 

Critical dry season output 

(March and April 1956) 714,300 KWH 

Steam standby capacity required ' 
to prime up all energy to 
1,924,000 KTO per month at 70?o 

plant factor = 1,924,000 - 714,500 = 2,400 KW.- 

30 X 24 X 0.7 

Total average annual production 

• 1,924,000 X 12 23,088,000 Kifffi 

Average annual energy by hydro 

s (1,924,000 X 7) / (1,618,700 x 5) 21,561,500 WT/H 

Average annual energj’’ by steam 1,526,500 KWH 
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Estimated Productions, Present System - ' 

Plus Proposed Additions s - „ ■ ■ 

From runoff records at Rfo Blanco Sta. Elevatipn 1800 (see table 

I : ' • 

Wo. 3, Appendix ”B") the average dry season rainfall has been esti- 

*1 lA r, 

mated at about 33^ of the total annual raifafall* ' 

• . V, , , . I 

•M * .'i . i' 

Assuming the average usable ininoff to be in the same proportion 
as the rainfall, them ' ' ' 

The average inflow into the reservoir during the five months 
' of dry season 33% of 19,150 Ac. Ft. 6,320 Ac. Ft. '* 

• Adding to this inflow the 3,200 Ac. Ft. provided by the sto- 
rage gives an’, average regulated outflow from' the reservoir 
during on average dry season of 9,520 Ac. Ft. 

The average inflow into the reservoir during the seven months 
■of wot season * 67^ of 19,150 Ac. Ft. = .12,830 Ac. Ft. . 
Sulbtracting the 3,200 Ac. Ft. needed to fill the reservoir 
gives on average regulated outflm*; from the reservoir during . 
an average vrot season of 9,630 acre feet. This average flow 
will be used at the upper plant. 

The yield of the lower system estimated at 13,450 Ac. Ft. would 
bo divided OB follows! 

Average during dry season 33^ of ,13,450 s 4,440 Ac, Ft. 
Average during wot season 67^ of 13,450 s 9,010 Ac. Ft. 
Therefore, the usable flow at the lower plant during on average 
dry season would be 9,520 Ac, Ft, / 4,440 Ac. Ft. s 13*960 Ac. Ft, 
The usable flow at the lower plant during an average vret season 
would be 9,630 Ac, Ft, / 9,010 Ac, Ft, = 18,640 Ac. Ft, 


24 - 




) 


y 


EBtimated average monthly output 
during average wet season 

Upper plant - 9630 x 470 

7 

Lower plant = 16,640 x 1060 

7 

Total 


EstimR,ted average monthly output 
during average dry season 

Uppor plant « 9,520 x 470 

5 

Lower plant r 13 , 960 x 1060 

■ ■r. ■ . ^ v — ^ /• 

Total 



Critical dry season (March ond April 1936) 
(From Differential Moss Diagram) 

Uppor plant - 1200 x 470 

Lower plemt z 1500 x 1060 

Total ..... 


646,000 KiitH 

2.830.000 HYH 

3.476.000 Kfffl 

« 895,000 KWH 

2.960.000 KWH 
3,855-,000 KWH 

. 564 ,000 KT/H 

1.590.000 KIfVH 

2.154.000 KYH 


Steam standby capacity needed at 

70^ plant factor to prime up all energy 

to 3,855,000 KWH, pbr month m 

3,855,000 - 2,154,000 r 33,370 KW 

30 X 24 X .7 

Average annual prime energy output 

• 3,855,000 X 12 46,260,000 KYH 

Average annual energy by hydro 

r (3,855,000 x 5) / (3,476,000 x 7) 43,757,000 KWH 

Average annual energy by steam 2,503,000 KWH 

Creditable to Proposed Rio Blanco Extension 
Increase in prime energy output 

« 46,260,000 - 23,088,000 23,172,000 KHH 

• 

Standby steam capacity required 
to prime up all energy « 

3,370 KW - 2,400 IQ7 s 970 KW 

Average annual production by hydro 

r 43,757,000 - 21,561,500 • 22,195,500 KWH 



977,000 KHH 


Averocc annual pxT3duc':;iou by stewu 
- 1,652,000 - 1,526.000 

Cost of Energy (Produced by the Rio Blanco Extension ) 


Annual Chargos t 

1. Value of capacity required to 
prime up the entire generation 

970 Kr/ at $20*00 $ 19,400 

, 2« Variable fuel and other costs ..r..., * 

977,000 KSm at 4.5 mills .J. ‘ ’ ‘ 4,400 ' 

3. Interest at Z% / depreciation 

at 1.6^ -$2,300,000 x .046 105,800 ' 

4. Operation ond Maintenance 10,000 


• Total annual charges excluding taxes .... $ 139,600 

Cost of Energy (if produced by steam ) 

Annual Charges i 

1. Capacity value at €0^ Plant Factor 


1.975 Kf / 970 Klh X $20 $ 85,300 

' 0.6 ' 

2. Variable fuel end other costs , 

23,172,000 Kira at 4.5 mills 104,300 


Total annual cost of same energy by steam... $ 189,600 


Comparison of .Proposed Hydro Project with 
Equivalent S^eom Development 


Difference in annual cost between steam 

and hydro generation, favoring hydro ............ 50 ,.000 

Additional justified investment over 

estimate 50,000 1,087,000 

0.046 

Allowable capital investment for the 

proposed Rio Blanco Extension 3,387,000 



PUERTO RICO VfATER RESOURCES AUTHORITY 
Engineering end Cpi;struc,tion Division 

Son Juon, P. R. , 


July 50, 1945. 


To I llr. Cerl A. Bock 
Chief Engineer 

Thru I Mr, Robert C. Priep 
Head Engineer ,,, 

From'. < • Rafael Reyes 

Re I Rio Blanco Extension Project 
Hicooo Dam Site Core Drilling 


Transmitted herewith is the report on the core drill- 
ing operations performed at the Hicaoo River dem site, 
Edu 17.2' Momeyes -Rio Blanco Rood. 


RR/jng 

enotf 


Rafael Reyes 
Associate Engineer 


i PimiTO RICO WATER RESOURCES AUTHORITY 
Engineering and Construction Division 


Hicaco River Project 


Surveys and Foundation 
Explorations Section 




Exploration Drilling Report 

. 

Rafael Reyes 
Assoc into Engineer 

in charge of Surveys and . \ 

Drilling ' ^ 7. " 


July 28 - 1945 


San. Juon, Puerto Rico 


Core Drilling - Hicaco Dam Site; Kn. ' 17*2 
Mameyos - Rio Blanco Road 

Carl A* Bock, Chief Engineer 

Robert C, Price, Head Engineer. 


SUMMARY 

Two core drills Used at Hicaco Dam Site for dril- 

ling on Foundation Explorations k 

two diamond drills (l l/S** core) operated* 744 hours. From 
May 2 to July 5, 1945. . . 

Diomond drillin'g rate per gross hour was 

Abutment holes 1.44 ft. per hour 

Combined cost per foot of hole drilled was 

Abutment holes $3.15 


These costs include operation, maintenance, depreciation, 
all supplies and direct engineering supervision. They 
ore final field costs and are correct within B% margin* 



Introductory - This report describee, in general, the foundation 
exploratory work done at the proposed Hicaco Dom Site, This site 
is located near the Mtaaeyos- Rio Blanco Road approximately at 
Kn, 17«2, Coro drilling operations ore described herein as well 
CB the equipment and method of performance used in these inves- 
tigations, The work covered the period from June 24 to July 5, 
1945, Cost of operations are given herewith* 


This report supplomontc the one submitted on July 30, 
drilling operations, 


Equipment ! 


1945 on core 


Drills I Two =jf40 Spruce and Honwood core drilling machines, 

driven by a gasoline engine. Each machine is capable 
of drilling 1 l/8-inch holes to a depth of 700 feet, 

. Tho drills 7/ere equipped with 2” galvanized iron 

pipe tripods, 

« 

Tho drilling machines hod been used on foundation 
exploration v/ork at the Dos Bocas and the Caonillds 
dam sites faar about 3 years, and at the Hioaco River 
dan site at Km, 17,9, Honeyes - Rio Blanco rood for 
4 months before they vrere moved to this location. 


Engines t One 4 cylinder 10 H,P* Hercules gasoline engine and 
one 3 1/2 H,P. gasoline engines were used to operate 
tho core drills. 


Pumps I ‘One IJyers chain drive, so If -lubricating double action 
pump was used, 

Tho water line consisted of a 1" pipe in 20-fopt 
lengths , 

Tools and appurtenances ordinarily used in core 
drilling operations. 


Geologic Features I 


The rook in the area of the Hioaco Dam site, Ba, 17f,2, 
Mnmeyes - Rio Blanco Road is mostly r. quartz-diorito rook. 
This is a coarse, cristalline rock, composed mainly of pla- 
giosloise feldspar, hornblende and quartz with small amounts 
of biotite and pyrito. The rock has a granitic texture. On 
the basis of the rook mineral content, it appears to have 
a degree of hardness’ of 6 on the Moh's scale. The quartz— 
diorite is quite massive and almost structureless. 

The area is thickly covered vrith vegetation, thereby not 
disclosing other geologic features except in stream channels 
and road cuts* 
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D rillinp; Operations ;. 

Since the drilling was of a prelininary nature, and due to 
the lack of proper omp. facilitios , only one shift was v/orkod 
per day. 

After the moving of the outfits vms done, additional person- 
nel was borroived from the survey crews to carry out the 
drilling operations, , ;> - . * 

. I , . V- 

Method of Operation r ' 

The drilling tools consisted of a cylindrical bit screwod 
into the end of a cylindrical coreborrel, which in turn is 
connected by hollow, steel drill rods, passing thru and 
hold firmly by a drive chuck and jnws. This chuck is threaded 
to a threaded bar or quill. Pov/er is transmitted to the quill 
from the drill motor to revolve the rods, coreborrel end bit. 

A water swivel is attached to the top end of the rods. Viator 
is pumped under pressure through the line of rods ond the 
coreborrel, reaching the point of contact between the bit and 
the rock, then it is forced out of the hole unto the outside 
of the drilling tool. The swivel is equipped with a bail to 
which is fastened the hoist cable for handling the drilling 
tools. 

Drill rods are node 1-foot; 2-foot; 5-foot; and 10-foot lengths. 
Since the travel of the quill is limited to one foot, short 
rods are used in starting a hole, vdiere there is little or no 
overbui’den. As the hole deepens, these shorter sections ore 
replaced with the longer 5-ft, ones and ultimately with 10-ft. 
rods. Corebarrels vary in length from 22 inches to 10 feet. 

The outfit is short of 10-ft. sections, therefore the 5-ft, 
sections were mostly used. 

Diamond Drilling t The first operation consists in drilling 
thru the overburden with a hardened steel fish-tail bit, 
better known as a saw-tooth bit. V/'ater is then forced 
by pressure into the hole. 

Drilling maj’’ continue until rock is encountered, or until 
tho depth of tho overburden is such, that caving in of 
soil, wedges against the corcbarrel, or that the vmter 
forced into the rods finds its vmy through boulders, ca- 
• vems, etc; and seeps down below. Driving in of tho ca- 
sing through tho bore hole then commences. This oporation 
is done by dropping a 350-lb, drive hammer on the upper 
end of the casing. The operation is continued until the 
lovrer end of the casing is well seated into the solid 
stratus. 


- ' ** 4 ** ' 

CtiE-ing diameters vary from 2” to 3*'» The 2” casing, 
having a smaller cross- sectional area, increases the 
velocity of the discharged water forcing out the sand 
and gravel to a better advantage, 

After the casing has been properly seated on the rook 
the drilling machine is, set up over the top of the 
pipe and the line of drill rods, v/ith bit and core- 
barrel attached, extending dovjh thru pipe to the rock* 

• « * 
After a seat of sufficient depth is obtained, in such a 
way that it excludes the sand from runniiig in under the 
casing, and cleaning through of sand and gravel from the 
casing is accomplished, the savi tooth bit is removed. 
Then the diamond is lowered into the hole and actual 
drilling is started,, 

The diamond bit is a circular steel bit set with either 
diamonds or bortz. Size “/JC” bits and corebarrels were 
used on this job which recovers a 1 l/s" core. 

The bit is attached to the lower end of the corebarrel 
with a core shell (reaming) connection. The line of 
rods are fastened to the other end of the corebarrel- 
Tho drilling machine is capable of transmitting a rota- 
ry speed up to 1500 R.P.M. to the line of rods, core- 
barrol and bit, and at the same time exerts sufficient 
pressure on the bit for cutting the rook# 

In drilling this formation the rotary speed of the ma- 
chine was bboui 1200 R.P.M. Since the core drill is of 
the screw feed type the pressure in lbs, could not be 
determined# This rotary action of the bit results in 
the cutting or vrearing away of the rook and this pro- 
duces a cylindrical core which passes into the core- 
barrel as the drilling machine forces the drill rods 
downward, TOien the drilling tool is taken out periodi- 
cally for the purpose of removing the core from the 
corebarrel, a core spring or core lifter is put in the 
bit, pressing like a r/edge against the core to prevent 
this from drppping out of the barrel. 

Sometimes these core lifters are either too tight or 
too weak. In the latter case, the core may stay down 
when pulling out the barrel. In the former cose, the 
core may be crushed resulting in a few inches of core 
loss# An inexperienced operator may report such a 
loss as a seam, joint, etc, when ih reality the rock 
was sound throughout# 

When drilling, the Isit is cooled by water forced \inder 
pressure through the hollow drill rods. 


# 


After the core has been removed from the corebarrel 
it is marked as to depth and boxed in proper sequence 
for future study and examination, 

• 

The drilling tools are again put down into the hole 
ond the work is continued until the required depth 
has been attained. 

Dam Site Abutment Drilling t . . - • » 

Nine holes were drilled in the dam site abutments, 4 on 
the left and 5 on the right. No major difficulties vrere 
encountered in any of the abutment drillings. 

Drilling operations at one of the top ridges of the left 
abutment were discontinued when rock vms found under 144,0 
feet of overburden. No rock drilling was done in this 
ho9.«. 

k''t 

Core drilling in the vicinity of the left abutment required 
casing work from ground elevation down to the rock. The 
material from ground surface to bed rock was a residual soil 
(sandy cloy). 

Within the limits of the dam excavation there vms an aver- 
age of 44 ft, of overburden. Results obtained from all 
drill holes are shown on the accompanying drawing: "Topo- 
graphy at Proposed Dcaosite - Location and Log of Drill Holes" 

The only difficulty encountered during the drilling was that 
of passing through boulders dovm to foundation rock. In all 
cases cement grouting was injected to fill in the spaces be- 
tween the boulders and the rock. This kept the sand out 
where casing could not be driven down to foundation rock. 

The life of the diamond bit was therefore increased, since 
drilling in waste water with a sand content ruins it, 

A total of 1071 linear feet was drilled on the domsite abut- 
ments, Actual drilling operations were completed July 5, 
1945, ^he equipment was then moved to El Verde Site to begin 
foundation explorations there. The drilling machine was 
moved under its own power, and sometimes by the field crew, 
depending on the type of surface over which it was moved. 

Operating Crew : 

The drills were operated on average of a 9-hour shift daily 
five days per week. Each crew consisted of one driller at 
$0.90 per hour; one helper at $0,70 per hour; and one laborer 
at $0.30 per hour. Common laborers’ wage scale was $0,25 per 
hour , 
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Performance ! 

Diamond Drill g In Table 1 is shovai the performance data 
relative to diamond drilling. Bortz vmB used ns 
the cutting medium. It is expected that the dionond 
bits used on this job vdll be used somewhere else, 
where the rock may not bo as hard as the quartz- 
diorito found here. At the time when this report 
wan being prepared two diamond bits used at Hicaco 
Dansito have drilled on average of fifty additional 
feet each at El Verde Site. 

Delays ! Time losses as shovm amount to about 38.75? 

the gross tine required for the operations. This was 
due mostly to heavy rains, since this is an area of 
high precipitation. Operations were continued under 
slight rains, otheiotfise tKe time lost due to bod wea- 
ther would have being 20 times greater. Other delays 
vrere due to blasting operations, or to lack of water 
supply, etc. 

Costs ; 

Core drilling costs for period covered by this report are 
shown in Table I and II, 

Drill depreciation for the purpose of this report are taken 
on the basis of an expected life of 50 months, which amount to 
25? of the purchase prico (§5000,00 estimated) per month# 

Cost per foot of hole as follovrei 

Dansite abutment holes §3.15 

The cost of all drilling during the period of this report 
was $3,372,00 or on average cost of $3,19 per foot of hole. 

The drill operators on the job wore Jaime Bujosa, M&xino' 

Santiago and Federico Gregory, 

This report was written by Rafael Reyes, Associate Engineer in charge 
of the exploration work. The performance cost data were compiled from 
field records. 




TABLE I 




Difanond Core Drilling Perfornanoe 

(May 2 to July 5, 1945) '' 

’ ■ • • Dam Abutments 

1 l/e” holes 

Gross Operating Hours 744 


Delay Hours ' .. . 


Moving ' 130 

Transportation 122 

Mechanioal 21 

Bod IfYe ather 7 


■ Total Delays 287 

♦ 

Met Operating Hours 457 


Miscellaneous 


Delays of Gross Hours 


Moving 17.5^ 

Transportation 16.4* 

Mechanical 2.8 

Bod Weather" 1.0 

Miscellaneous 1.0 


Total Delays ...... 38.7^ 


Total Poet Drilled 

Overburden 686 

Solid Bed Rook 385 

Total ■ 1071 

Total Feet per Gross Hour 1.44 

Total Feet per Met Hour 2.38 

Bits (Bortz) Total used...*. 17 

Average footage per bit (rock only) 33 


TABLE II 


Core Drilling - Hicaco Dam 



TOTAL COST OF ALL DRILLING 
(Moy 2. to July 5, 1945) 





-'v/' 

‘ ' \ 'H - 


Gross Operating HnurB .................. 

* ** • - - i#rr • Vf •“ 

Net Operating Hours .................. 

........ 457 

Delay Hours ............r..... 


Total Linear Peet Drilled .................. 


, _ , . .• V’C--- • 

• . . ' • ' A' -V; 

' '» t * - •' 

Total Cost 

Entire Drilling 

Cost per ft. 
of drilling 


1. Operation 

$ 2,042.00 

$ 

1^903 

2. Malntenonce 

500.00 


.467 

3. Repairs 

100.00 


.093 

4, Supplies 

300.00 


.279 

5, Depreciation 

430.00 


.401 

Grand Total of all 

1 3,372.00 

$ 

3.143 

Drilling Expenditures 





These costs ore complete vath exception ofi 

1. Engineering & Construction office overhead 
2m Compensation insurance 
3* Transportation depreciation 

4, Miscellaneous supplies brought from Caonillos, etc. 
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week: . 

MAY Z TO JULY. 5 


PUERTO RICO WATER RESOURCES AUTHORITY 
ENGINEERING ANP CONSTRUCTION DIVISION 


P. R. JULY 28> 1945 






i'' '-li-yt 1 


“N 






. . r-^ i ■ -■ 


San Juan; P« R, 


August 17, 1946 


Toi 

Fromi 


K'\r' ■'■ ’ '7',’-r ’ ■ 


Mr. Carl A* Bock 
Chief Engineer 

Rafael Reyes : , 


Re; Hieaco Dam 


Mm.- 




<.■ ' • ••* 
< 
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Enclosed herewith is submitted final report of the preli- 
minary foundation explorations at Hicaco Dam, ¥m, 17.2, Momeyes, 
Rio Blanco Rood, 

This report supplements that of the drilling report sub-, 
mitted July 28, 1945J 


, ll- . 


' Rafael Reyes 
Associate Engineer 
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PUERTO RICO WATER RESOURCES AUTHORITY 
Engineering end Construction Division 


Hicaco River Project 


Surveys and Foundation 
Exploration Section 


’Foundation Explorations Report 
by 

Rafael Reyes 
Associate Engineer 
in Charge of Explorations and 
Surveys . 


August 13 « 1945 


Son Junn, Puerto Rico' 


Inspection Excavations - liicaco Dnm Site; Ka. 17.2 
Moneyes -.Rio Blanco Rood 


Carl A. Bock, Chief Engineer 
Robert C. Price, Head Engineer 


SUMMARY 

Foundation Explorations involving excavation of only one 
test pit vras conducted at Hicaco Dajnr 

Period from June 24 to July 5, 1945 

The test pit was excavated to a depth of 20*5 ft* 

Cost per cubio yard of excavation 5.10 

These costs Include labor and direct engineering supervision. 
Local timber vras used at no cost. They are final field costs 
and correct within 2^ margin. 


Introduction - Ihie report describes, in general, excavation opera- 
tions for inspection purposes and summarizes results obtained and 
shows excavations costs, on foundation exploration at Hioaco Dnm, 

Kra, 17,2, Mamoyes - Rio Blanco Rood, covering the period from Juno 
24 to July 5, 1945, This work was conducted simultaneously vrith 
core drilling and information given herein supplements that of the 
drilling report (llicaco Dam) submitted July 30, 1945, 


Equipment - 


Power from the core dri.lling machine. The power from 
the core drill was used sirauitancously and without inter- 
inaption of the drilling operations. 


Hoist i The hoisting device of the coro drill vms used during the 
excavation of the pit. 


MisocllaneouB t Other equipment oonsistod of pick and shovels; 
half of on empty gasoline drum used as a bucket to re- 
move the ecu-th, a 7 ft, 2” pipe tripoid, pulleys, and 
100 ft, 1” diconeter monila rope. 


Excavation conditions - 

The pit was dug at a ground elevation of 2055 ft, on 
■ tho right abutment and about 60 ft, upstream from the 

dam axis. Excavation \ms confined to tho overburden 
material, soft enough to bo dug with pick and shovel. 

This overburden is residual soil, 

A 5* X 5’ (overall) section was started at the location 
given above, and carried down to a depth of 20,5', Rook 
was found at this depth. The pit was timbered its entire 
depth. Although tho material is rather compact, v/ith no 
occurrence of sloughing or caving, it thought advisable 
to install a skeleton typo of timbering as on added factor 
of safety, 

y 

General information obtained - f 

The overburden showed complete weathering down to fouri- 
dation rock, Tho material is quite' inperveous , Tho top 
6 feet of tho overburden showed the material to be friable 
clay, with some degree of plasticity to no plasticity at 
all with increase in depth. 

The overburden ohov/ed complete weathering down to foun- 
dation rock. 

Earth samples equivalent to l/40 cubic feet were bottJea 
and sent over to Cnonillas Project for laboratory tea'! s 

9 

1, Effect of Water on the Materia l i No sloughing, s .lump- 
ing or caving of the side walls of the pit resulted 
from tho action of the vmter during theri’irst 48 hours. 



2* •’ I/e&kago in Relation to Voliine of Pit t In pumping 
vmter into the pit at the rate of 31 G, P, M* the 
head could be built up to the point of overflow. 

3. Leakage in Relation to Head t In the enclosed satu- 
ration curve, it is shovm that the increment rate of 
saturation was about 1*5 gals per minute up to a head 
of 8 ft. From this head on, the increment rate of sa- 
turation was kept rather constant, up to the point of 
overflow, and equals to 0.5 gallons per minute. This 
shows the material to be quite imperveous. 

Costs - A tabulation of cost per cubic yard is given in Table I which 
is the last page of this memo. These figures ore found on 
laborer’s rate of pay of $0.25 per hour. 

Comments - No faults, fissures or major points were found in the exca- 
vation of this pit. Therefore, it is assumed this is a 
weathered zone of practically complete oxidation and since 
the ridge is sufficiently massive to be stable against the 
hydrostatic pressure produced by the iijjpiunded water of the 
dam, tho only undesirable factor of the deep v/eathering is 
the possibility of percolation. 

Sheet piling - Could not be driven here with satisfaction as the 
boulders found during drilling will not permit complete 
penetration into the lovrer stratum. 

This report was prepared by Rafael Reyes, Associate Engineer in 

charge of the exploratory work. 
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Excavation Costs 


r.V/’'- . 1 ., ’* *• . .> 

^ ■' v'.’' ■ I-' 

.1 

Total 

Total Exc avat i on 

Timbering 

Excavations 

Cost Cost per 

cost per 

(Cu, Yd.) 

cu. yd. 

9 u, yd, exc. 


Test Pit 





No. 1 

19 

$98.92 

$5.10 

•• M ^ w w •••»•••• •» 


This cost is complete wjith exception oft 


1. Engineering end construction office overhead. 
2* Compensation insurance. 

3« Transportation depreciation. 
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Table I ' f 

MOUNTAIN STREAMS 

Average Recorded Rainfall 4 Runoff 


Streams 

: t 

• V 

• • 

* Elev. * 

1 1 

t : 

Drainage 

Area 

in Sq. Mi. 

1 

i Years 

1 of 
t Record 

t 

1 

• 

• 

t Average 
i Yearly 
t Rainfall 
t in inches 

t 

; Average 

1 Yearly 
t Run-off 

I in Ac, Ft. 

• * 

Average t 

yearly Ac. Ft.: 
per sq,* mile : 
per inch of : 

rainfall i 

Coefficient 

of 

Runoff 

Toro Negro River 

S 1 

I t 


t 

S 


t 

t 

i 

t 


(at fhiineo Res. ) 

1 2900 I 

1.57 

t 14 

1 106.66 

1 7205 A 

43.43 : 

81. 80?^ 

Matrullas River 

1 1 

1 2400 1 

4.42 

• 

t 14 

t 85.16 

t 

: 16,397 A 

43,57 t 

B2,00fo 

Vacas River 

i 2400 t 

6.60 

t 

t 16 

1 94.70 

s 

t 21,900 AA 

35.04 AA t 

65.80?? 

La Plata River 

i } 


1 

i 


t 

t 

t 


(at Carite Res.) 

1 1780: 1 

7,92 

i 34 

1 81.30 

1 31,268 A 

48.50 : 

91.00?? 




t 

1 


t 

Ave. » 

80.16 


A Runoff in these streams were measured as inflows to storage reservoirs by recording elevations of 
water in reservoirs and spillway discharges* They Include peaks which would not be recorded by 
weirs or other methods. 


AA These records do not include large peaks which were not measured by gaging station. 


II 

I 

AMAIYSIS ON THE.BlilLlNGS ATTtfCACX) HVHISION DAM 


t 

< 

Spillltaga 

1 

t 

Equi Talent 

1 

X 

Rainfall at 

t 

t 

Actual Utiliea- 

1 

1 

Spillings plus 

X 

X 

Losses 

Year i 

Ae« Ft. 

t 

Ralnf al 1 

1 


t 

tlon (Inches at 

1 

Utilization 

X 


f 

(Hioaoo) 

t 

. 1 

in Inches 

X 

.X 

Hieaoo Dam .. 

« *' 

-X _ 

ra inf a 11 ) 

t 

• 

(Inches) 

: 

Inches 

t 

1940 1 

76i7 

< 

• 

1 

48.13 

X 

X 

160.79 

X 

56.36 

•X 

,1 

108.49 

1 

44.30 

- ... .j 

' 

1 







.• 

5 

- 

1941 

8191 

1 

51.97 


132.20 - 

' *4- 

56.03 

* 

107.00 

4 

25.20 

. 1 



t 


t 


« 


-X 


X 


1942 » 

9950 

h 

63.13 

1 

152.42 

4 

62.83 

i 

126*02 

• 

• 

26.40 


{ « 



f 


4 


• 4 




1943 » 

8625 

1 

56.00 

4 

163.56 

4 

•82.50 

-V 

118.60 

X 

45.35 

i 


t 


•t 


1 


•4 

■ ■ 

X 

' 

1944 -t 

i 1 

8762 

X 

Y 

55.59 

t 

X 

1 

170.71 

X 

X 

• 

• 

60.20 

X 

•X 

1 

115,79 

X 

• 

• 

• 

54.92 

I 

Total t 

* .* 1 i 

Average 1 - 

43315 

1 

274.82 

X 

1 

770,07 

X 

X 

299.08 

X 

4. 

« ^ 

673.90 

X 

196*i7 

8663.0 

t 

1 

54.96 

1 

154.01 

1 

1 

59.81 - 

1 

1 

114.78 

1 

39.23 , 







: TABIE NO. 8 

Rainfall Raeorda « Rio Blanoo 1800 Ft 




June Jul 




2.42 10.48 

4,78 18.17 


6i^80 10.48 
9 2 


Means 10.57 . 8.08 7.38 


Stnna 211.87 161,66 158.92 204,89 


9.76 


17.08 

827.61 

15.60 


9 
3 
2 
5 

7 
9 

8 
2 
1 
9 
5 
1 
3 
1 
0 

. 8,76 18.07 13,77 

807,68 273.67 801,18 

14.65 . 13.03 14.34 


0.15 
16.08 
10.30 
14.63 
13.59 


19.00 

18.76 

287.07 

14.35 


\m\JC 

1,55 

■ 1 

1.56 

Jl' 

■,1 

.65 

.11 

1 

,16 

iV 

,62 

1 

.41 

i; 

.42 

n 

M9 

21 

.06 

K 

.00 


.82 

21 


8 
8 

19.27 

10.76 


11.41 

10,83 

7.27 

20.40 

16,80 

16.46 
18,67 
20.76 
16,08 
17.78 
12,25 
12.39 

9.41 

17.82 
31.12 
19.93 
17,10 

11.47 

19.82 
8.30 

10.16 

9.41 


6.96 

21.94 

14.26 
15.06 

2. 74 

10.39 
7,29 

12.15 

11.13 

14.03 
21,42 
19.98 
18.37 

8.45 

14.39 
11.82 

16.03 
12.29 
10.28 

11.26 
18.00 

3.00 


301.79 385.73 274.22 
13,72 15.26 12,46 


165,71 

130.21 
164,32 
111,14 

133.22 
192,89 

. 147.ll 
. 168.7s 
' 136.31 
142.99 
177,86 

139.58 

169.58 
140.92 
160.79 
132.20 
162,34 

169.48 

166.95 

X31.49 


Dry Season s 12.4'6 / 10.67 / 8.06 / 7,33 / 9.76 s 48.20 c 32.31^ of total. 

Wet Seaeon • 16.60 / 14.66 / 13.08 / 14,34 / 14.56 / 15.72 / 16,23 » IOC. 55 w 67.63^ of total 

i: No record from 1926 to 1928 Inolualre, 











TABLE NO. 4 


Rainfall Records - La Mina 


Year 

Jan. 

Feb, 

March 

April 

May 

, June 

1935 

.9.43 

19.96 

7.08 

7.27 

18.21 

21.10 

1936 

9.37 

7.12 

3.79 

3.01 

. 40.40 

19,52 

1937 

. 39.75 

8.53 

5.02 

11.44 

3,38 

n.06 

1938 

12.39 

11.00 

12.92 

9.44 

.14.33 

31 .95 

1939 

8.64 

7.42 

10.94 

8.29 

18'.51 

10.37 

1940 

9.94 

25.56 

7.44 

7.05 

26.00 

14.79 

1941 

8.58 

1.26 

7.02 

14.97 

26’. 07 

15.44 

1942 

14.43 

14.39 

3.84 

14'. 4 7 

4.87 

23.33 

1943 

21.04 

8. >4 

10.13 


27’. 53 

20,94 

Sums 

133.47 

103.98- 

68.18 

75.94 

179.30 

169.33 

Moans 

14«85 

11.57 

7.58 

9.49 

19.94 

18.83 


July 

Aug, 

Sept. 

Oct, 

Nov. 

Coo. 

Year 

17.70 

14.71 

17.82 

23.65 

19.53 

26.67 

203.18 

19.86 

36.61 

29.12 

37.17 

15.19 

32.63 

253.79 

10.63 

19.89 

9.07 

18,79 

20.07 

12.37 

170.85 

11.91 

18.91 

19.42 

14.60 

> 35.76 

16.09' 

208.70 

12.53 

16.01 

16.81 

12.10 

27.24 

14.11 

' 162.87 

8.34 

12.94 

7.72 

18.77 

18. 78 

13.56 

170,89 

11.20 

18.06 

10.37 

• 12.64 

11.68 

9.53 

‘ 146.72 

17.35 

11.11 

12.50 

9.34 

22.78 

14.32 

162.78 

16.84 

' 19.14 

13.68 

7.92 

10.04 

14,90 

170.90 

126.41 

167.38 

136.51 

154.88 

181.12 

154.18 

1650.68 

14.05 

18.62 

15.20 

17.20 

20.15 

17.15 



TABLE NO, 6 


POWER PRODUCTION 
RIO BIANCO PLANT 


Year 

Jon. 

Feb, 

March 

April 

May 

June 

July 

Aug. 

Sept. 

Oot. 

Nov, 

Deo « 

1936 

1,723,600 

1,667,600 

708,400 

720,200 

1,781,700 

2,238,400 

1,467,900 

1,147,000 

1,475,100 

1,386,000 

1,390,100 

1,966,700 

1957 

727,000 

1,807,300 

1,338,400 

1,677,000 

1,657,800 

1*864,600 

1,197,900 

1,967,400 

1,494,400 

1,808,700 

1,703,;?00 

2,017,100 

1938 

2,207,000 

1,667,100 

1,447,100 

1,433,800 

' 1,641,200 

2*111*900 

1,848.000 

1,813,600 

1,977,600 

1,908,600 

2,132,000 

1,988,600 

1939 

1,913,700 

1,498,800 

1,671,900 

1,799,900 

2,116,800 

1,805,400 

1,730,800 

2,019,100 

1,981,400 

1,877,600 

2,004,000 

1,810,400 

1940 

1,483,300 

1,815,400 

1,380,400 

1,401,300 

2,01R,100 

2,140,100 

1,730,800 

2,019,100 

1,981,400 

1,877,600 

2,004,600 

1,810,400 

1941 

1,483,300 

1,816,400 

1,380,400 

1,401,300 

2,019,100 

2,140,100 

1,886,700 

1,668,000 

1,601,600 

2,433,500 

2,172,700 

2,270,400 

1942 

1,703,600 

776,100 

928,300 

1,228,000 

1,866,400 

1,746,000 

2,341,100 

2,422,700^ 

1,998,600 

1,960,600 

2,097,400 

2,311,100 

1943 

2,357,700 

1,613,100 

1,182,600 

2,004,200 

1,483,100 

2,488,800 

2,466,200 

1,964,000 

1,946,600 

1,677,900 

2.116,400 

2,406,100 

1944 

2,462,400 

1,712,800 

1,696,400 

1,743,300 

2,199,400 

1,910,700 

2,176,600 

2,469,000 

2,108,700 

2,387,400 

1,014,600 

1,989,400 

1945 

1,717.500 

1.364.300 

772.200 

994.700 

1,329,800 

2,310,900 

2.366.700 

2,337,500 

2,894,000 

2,026.400 

1,676.200 


TOTAL 

17,779,100 

16,626,900 

12,604,000 

14,403,700 

17,994,200 

20,255,900 

19,202,600 

19,827,600 

18,968,200 

19,334,300 

19,110,800 

18,669,200 

ATE. 

1,777,910 

1,662,690 

1,260,400 

1,440,370 

1,799,420 

2,026,690 

1,920,260 

1,982,760 

1,896,820 

1,935.430 

1,911,080 

2,062,150 


Dry eeason monthly average s 1,618,700 KWH 
Wet season monthly average x 1,924,060 ICVH 
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APPENDIX "D'» 


GEOLOGY OF THE HICACO DM SITE 


Report of Mr* Robert A» Laurence. Geologist. September 28, 1943» 


Introduction 

The site of the proposed Hicaco daia is on Hicaco River, a tributary of the 
Rio Blanco system, at icilonefcer IS, 35 on the El Y'oncua road, and approxi- 
mately 30 miles southeast of Seui Juan, R, The dam and reservoir will be 
entirely, within the Caribbean National Forest* Tha writer made a brief 
geological examination of this site on Soptembsr 24, 1943 at the request 
of the Puerto Rico VJator Resources Ay.thority, and was accompanied in the 
field by Mr* C» A* Bocic, Chief Engineer, and Mr» M. .A, ^ttuiSones, Sr. hydro- 
electric Engineer, of the /uithority. 

No preliminary e:q?loration or field surveys have been made yet, but the 
area is included in the Yuaque topographic quadrangle of the U. S. Depart- 
ment of the Interior, Geological Survey, adv'mco sheets of which are avail- 
able. It also lies in tho region known as the Fajardo district, of vjhich a 
geological report and map by H. A, Meyorhoff end I, F. Smith were published 
in 1931 as volume 2, part 3, of the Scientific Survey of Puerto Rico and 
the Virgin Islands, by tha Now York Academy of Sciences . - 

Regional Geology , 

The Luoulllo Mountains, one of the highest and most rugged areas in Puer- 
to Rico, are situated in the northeast portion of tha island. As a result 
of this location they receive a very heavy rainfall and support very dense 
vegetation which effectively obscures the geological features except in 
stream channels and road cuts. The moiuntains are oon 5 )osed chiefly of a 
thick series of volcanic tuffs and agglomerates, and indurated shales. In- 
to these have been intruded, at considerable depth, small bodies of gra- 
nitoid igneous rocks, chiefly quartz dlorite and diorite, which are pro- 
bably related to, If not actually a part of, the extensive batholith which 
occupies the area west of Humacao. 

Hicaco River flows across one of these intrusive bodies, whose surface 
extant is about 4 souare miles, Tha dam site is near the middle of the 
northern portion of this elongated mass. 

Local Geology 

The only rock exposed at the dam site, and for some distance in all di- 
rections from it, is quartz diorite. Tnis. is a coarsely crystalline rock. 


con?)osed chiefly of plcgloclase felspar, hornblende and quartz, with minor 
amounts pf biotite and pyrite# The large ( 3 to 15 mm,) crystals of horn- 
blende in a groundmass of smaller (2 to 5 mm.) crystals of gray feldspars 
and quartz, give the rock a conspicuously mottled appearance^ Tho rock 
also contains large (l to 10 Inches) round inclusions or segregations of 
dark, flne-textured quartz dlorite of similar mlneralogic composition, but 
these are evident only in the larger exposures# 

The quartz diorite is cuite massive and almost structureless# The only 
persistent structures observed are some N 70*W joints, and while some of 
these are continuous for many feet, they are not closely spaced and do not 
have any noticeable effect upon tho rock# 

The most conspicuous feature of the rock is the large-scale spheroidal 
weathering, which is wall e:cposed in the road cuts and in the stream chan- 
nel# This weathering results in huge rounded masses of quartz dlorite, as 
much as 20 feet in diameter, siorrounded, at least on the top and sides, by 
thin layers of the same rock (1 to 3 inches thick) ;«hich lie in concentric 
bands ai^ resemble thin-bedded sediments which have been folded# This ap- 
parent •stratification'*, however, is entirely a secondary feature developed 
by weathering, and will not be present in the fresh rock below the surflclal 
weathered zone* 

Tho Dam Site 

At the dam site, o.icaco River is flowing at an altitude of about 2000 feet, 
in a narrow V-shaped gorge which is more than 225 feet deep# At a height 
of 150 iaat above the river, the gorge is only 650 feet wide# V*ithin a quar- 
ter of a mile below the dam site, the river falls more than 220 feet, but in 
the quarter-mile above the site, the fall is only 50 feet# 

Bed rock is exposed on the right abutment in the road cuts, and It presents 
an irregular upper surface, due to the spheroidal weathering mentioned above, 
however in the exposed areas, the average thickness of clay and badly weather- 
ed rock is not much over ten or fifteen feet. It is not likely that exces- 
sive excavation will be recuired, to expose continuous unweathored rock on 
this abutment# 

The river bed, at the dem site, is composed of many large rounded masses 
of ruartz dlorite, which are the spheroidal •boulders'* from which the sur- 
rounding and intervening weathered materiel has been removed, so that the 
river now flows around and between the •boulders*, some of which rise 10 
feat or more above the water level. That these '*boulder8'* are actually 
bed rock in place is indicated by the fact that many small fine-grained dikes 
can be traced through several of the •boulders'* without any offset or change 
In direction or position# Thus it is a safe assumption that very little 
excavation • v.ill be required in order to uncover sound rock in the stream 
channel. The large ''boulders*, however, are probably underlain by rock 
which is more weathered than they are# 
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Tlid left abutment Is covered vrith a dense growth of trees and underbrush, 
and roclc is visible only in the bed of a small but deep tributary ravinei 
A more or loss continuous succession of ledges of quartz diorite, some only 
slightly weathered and others practically reduced to tosca, extends up this 
ravine to a height of at least 150 feet above the river* Thus it appears 
that, while sound rock similar to that on the right abutment, undoubtedly 
underlies the '•nose'* which forms tha left abutment, it may be under as much 
as 35 or 40 feet of residual cover* Similarly, in tha relatively narrow 
divide east of the abutment, unweathered rock is probably deep* 

Need for Exploration 

Only a comparatively small amount of preliminary exploration should bo 
rerulred in order to determine the foundation conditions at this site* A 
few core drill holes on the right abutment, carried far enough into un- 
weathered quartz diorite to bo sure they do not bottom, in a spheroidal 
**boulder** should be sufficient to prove that side* Daep drilling is not 
necessary, as the quartz diorite is not likely to be weathered to any 
considerable depth, and v.-here fresh and sound it is as strong and suitable 
a foundation rock as any on the island* 

Several drill ho],es on the left abutment and along the narrow saddle, 2,500 
feet to the east, carried into 'inweathered rock, will prove conditions in 
that area* There is no d-anger of leakage through the unweathered rock, even 
in narrow portions of the divide, but the thickness and character of tha 
overburden in such areas should be determined. Tnis also applies to the 
narrow area on the right bank, 1000 feet northwest of the abutment, although 
there the rim le wider and hi.ghor than at the saddle on the left side. 

lu the areas affected by spheroidal weathering, the apparent ^stratification'* 
of ■ the granite v;ill probably affect core recovery, and will cause that which 
is recovered to come out in small pieces. Tno angle of dip of the apparent 
"strati fication'* should be noted carefully, as the shape and extent of the 
spheroidal masses and intervening weathered rock can be interpreted from. them. 
Thus, if the apparent "stratification*' is vertical, the hole may be inter- 
preted as passing between a large "boulder" and a clay pocket, or between 
two "boulders", whereas horizontal "stratification" indicates rock Immediately 
above (or belov;) one of the rounded masses* 

Construction tfeterlgls 

Is; is probable that a cuarry site c.an be located somewhere along the road, on 
the right bank, from which cuartz diorite suitable either for concrete ag- 
gregate or for rock fill cun be obtained. Voiere it is unweathered, or only 
slightly weathered, this rock furnishas good material for either use. 

Summary 

Brla? geological examination indicates that tha rock at the Hlcaco site 
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affords en excellent foundation and abutments and that the site is suitable 
for a concrete gravity dam, although considerable residual material overlies 
the bed rock on the left abutment • Suitable rock for aggregate is available 
at the dam site* 

A comparatively small amount of core drilling will be required to determine 
the details of the foundation, abutments and rinu 


Report of Mr» Robert A. l-:ur8nce, Gooior.ist, December 14, 1945 
Hlcaco Site 

Tue ^icaco site is on Hicaco River, about nine miles southeast of Rio Grande 
and about 26 miles southeast of S- n Juan. It is on the Caribbean N.*tlonal 
Forest. It was examined briefly on Ducetnbar 5, 1945. Tnls site is only a 
short distance upstream from the ori^lnnl aicaco site, which the writer visit- 
ed in 1943, and. the regional features mentioned in that report do not need to 
be repeated here* The present site is located on the same intrusive body of 
cuartz diorite as the original site. 

^'*ine diamond drill holes .(l-l/S" diameter cores) were drilled at this site in 
1945 by the Authority, and these cores have been examined by the writer. 
Neither the cores nor the logs of 14 holes drilled by the Forest Service in 
1930 are available, although elevations of top of rock as reported from these 
boles are available. Tne locution was shifted to the present site because 
cf topographic advantages indicated by the detailed surveys. Altitude of 
the river bed is 2020 feet, and tha oroposscl spillway elevation is 20o0 feet. 

Tnore is very little rock exposed at the present site, the only outcrops 
being on the left bank and in the river beil, about 200 feet downstream. Slse- 
v.here, the bed rock is covered by a thick mantle of residual soil and decom- 
posed granite ranging in thickness (as indicated in the drill holes) from 
aoout 12 feet near the river to more than 130 feet on the left bonk. 

The rock exposed in the river, below the site, and in all the drill cores, 
is d massive, coarse-grained quartz diorite with abundant crystals of horn- 
blende and plagioclase feldspar 4 to 8 mm. in length, and lesser amounts of 
cuai’tz. It is £ fresh, sound rock showing no obvious alteration, other than 
weathering, and is vary hard, ss the' core drilling clearly demonstrated. lu 
these exposures, the rock is cut by many joints and zones of shearing, which 
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may be expected to be present beneath the residual covering at the daa site. 
The principal directions of these are* 

N60B, dip 75 *33 
N25S, dip 70»NW 
N50-60W, vertical 
N85W, vertical 

(There are also flat joints, probably the result of spheroidal weathering, 
which would not be present in fresh rock, and are not present in the cores.) 
Shear zones in the N603 and N85’W systems, and especially the intersections 
of the N25S joints with the NCOS shear zones, are the nost weathered parts 
of these exposures, and it is probable that these are also zones of hydro-* 
thermal alteration of the original rock. In that case, they may be expected 
to extend into the fresh rock as steep, soft, seams like those now exposed 
in the left. abutment at Caonillas dam. The bend in the river just below the 
dam, where it flows approximately S6CIW, and the steep, narrow, tributary 
on the left bank 200 feat upstream, are probably the surface expression of 
more rapid weathering along these shear zones. 

The cores obtained from the drill holes confirm the ic-terpretations made 
from the surface exposures^ Practically 100^ core recovery was obtained 
and much of this core is in pieces six inches to four feet in length. 

Almost all the core is fresh, unaltered and unweathered rock, and it shows 
almost no .Variation in texture or mineral content. The' only defects observed 
in these cores were a few steeply dipping joints and shear zones, some of 
which are slightly v/eathered or stained a rusty color. The most conspicuous 
one of these is at the bottom of hols No. 158 (elev. 1976); many others are 
shown on the profile on drav/ing No. 3 of the ^i-icaco Project report. These 
weathered zones are only a minor defect in the rock and may be treated with- 
out difficulty. 

No water losses were reported d’orlng rock drilling at this site, and the 
water table is apparently high, under the abutments. Conditions at the top 
of rock may be expected to resemble those at Caonillas dam and saddle, due ^ 
to the similarity of the rocks at the t\iO sites. 

No additional exploration is considered necessary,. 
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